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AN 


INQUIRY 


INTO THE 


EFFECTS or LIGHT, &c. 
— 


By light I mean that ſubtile fluid, which is 
emitted from luminous bodies and is poſſeſſed of 


very ſingular and important properties. 


Conſidered, as to its phyſical or chemical opera- 
tion, light is certainly one of the moſt beneficial 
ſubſtances in nature. It not only conduces by its 
ſtimulus to organic exiſtence, but as the medium 
of ſight, it is the ſource of the moſt numerous and 
pleaſurable of our perceptions ; and upon its com- 
binations depend ſome of the moſt beautiful and 
aſtoniſhing chemical phenomena. 


No ſubje&, therefore, can merit our attention 
more than the properties of this etherial ſubſtance, 
by means of which all the beauty and glory of cre- 
ation are laid open to our view. 
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It is ; the influence of light in reſpiration, - that I 
wiſh to eſtabliſh in the following inquiry; for which 
purpoſe I will deliver my obſervations and experi- 
ments under the three n heads.) ir 

0 1040 

I. The colour of bodies depends upon combined 

_ 
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; I. Light i is a conſtituent clement of oxygen gas. 


III. The vermillion colour of blood depends, i | in 
part, pon We operation of en 


x 
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n reads paper on this ſubject, before the Philadelphia Medical Society 
in February laſt, before I had ever ſeen or heard of the publication of 
Mr. Davy, in Beddocs' Medical Contributions. 
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S8ECTION 1. 
1. THE COLOUR OF BODIES DEPENDS 
UPON COMBINED LIGHT, 


PREVIOUS to the diſcoveries of the immortal 
Newton, our conceptions of the nature of light and 
colours were very imperfe&, and to many of the 
ancients, this curious and important branch of phi- 
loſophy, appeared to be involved in impenetrable 
darkneſs ; for, in the opinion of Plato, to pry into 
the myſteries of light, was to encroach upon the 
prerogatives of Divinity, 


Fifty 


Notwithſtanding its obſcurity, many conjectures 
were advanced on this ſubject by ſome of the older 
Opticians, 


The celebrated Des Cartes argued very rationally 
that colour was a modification of light ; and after 
him many others thought the differences of colour 
depended upon the condenſation and rarefaction of 
this ſubtile etherial ſubſtance. 


Their ſpeculations, however, though ſometimes 
ingenious and plauſible, were unſupported by ex- 
periment or any kind of evidence; and it was not 
till the time of Sir Iſaac Newton, that our ideas of 
light were by any means juſt or accurate, 

B 


TY 


— 


10 


By a multitude of the cleareſt and moſt deciſiye 
experiments, this great man has farisfaQtorily un- 
folded many of the moſt important properties of 
light, and has left behind him a theory of light and 
colours, by the aſſiſtance of which, we are enabled 
to account for many phenomena, which were before 
inexplicable. 

Hlis doctrine of the materiality of light and of 
the different colours depending upon the different 
refrangibility of the rays of light, though founded 
on experiment, and ſupported by the moſt i ingenious 
reaſoning, was ſtrenuouſly oppoſed by cotemporary 
and ſucceeding philoſophers, eſpecially by the cele- 
brated Euler, who ſuppoſed light to conſiſt in vibra- 


tions. propagated from luminous bodies through a 
ſubtile etherial medium. 


This hypotheſis, though advocated with great zeal 
by M. Euler, is completely refuted by the friends 
of the Newtonian doctrine, eſpecially by Meſſrs. 
Michell and Melville, whoſe experiments and ob- 
ſervations eſtabliſh moſt decidedly that 8 is a 


ſubſtance and not a ee 


11 nk Seesen h the uſual limits of an 
inaugural eſſay, to enter further into a diſquiſition 
of this kind ; I muſt therefore refer the reader to 
the ſeveral books on optics.” 


11 
I believe it is generallyagreed among philoſophers, 
that the diverſity of colours, and variety of ſhades, 
under which bodies preſent themſelves to our view, 
depend upon the operation of light. Many expe- 
riments have been made, and much ingenious rea- 
ſoning advanced in ſupport of this opinion. 


i Duhamel“ demonſtrated long ago, that the co- 
lour and inward texture of ſome bodies are changed 
in conſequence of their being expoſed to light. 


He found that the juice of a certain ſhell fiſh 
contracted a ſine purple colour, when it was expoſed 
to the light of the ſun, and that the ſtronger the 
light, the more ſplendid was the colour. Pieces 

of cloth dipped in this juice, and expoſed to the 

ſun, became red, though they were incloſed in glaſs; 

but they ſuffered no change, if in the ſame expo- 

ſure they were covered by any thing that intercepted 
light. | 74 
d After this, Beccariust applied himſelf with dili- 
gence and ſucceſs, to the inveſtigation of this curi- 
ous ſubject, and found by many experiments, that 
the colour of various ſubſtances was altered by ex- 
poſure to light, excluſive of heat or any other 
circumſtance. 1197043 151) gust 


d . 


* Prieſtley on viſion. Vol, II. p. 378. 


+ did. Vol. II. p. 379. 
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That neither heat nor air contributed to the pro- 
duction of thoſe changes, was proved by repeating 
the ſame experiments in a much higher temperature 
in a darkened room, and by expoſing the ſubſtances 
in an exhauſted receiver; for under theſe circum- 
ſtances, the abſence or preſence of light, was ob- 
ſerved to have very great influence on the reſults of 
the experiments. In the firſt, no change took place, 
whereas in the exhauſted receiver the ſubſtances 
underwent the ſame change when expoſed to light 
as before. | | 


I ſhall relate, in the courſe of this inquiry, fome 
experiments on blood, which corroborate thoſe of 
Duhamel and Beccarius, and I hope they will de- 
monſtrate clearly and decidedly the colouring power 
of light. 


The influence of light on organized beings is very 
remarkable. Animals deprived of it and living in 
dark places, loſe their colour and become white, as 
is obſervable in Arctic animals during the long 
nights, in the countries near the pole. | 


Worms and grubs, Mr. Bre . obſerves, 
which live in the earth or in wood, are of a whitiſh 
colour. The birds and flying inſects of the night, 
are likewiſe diſtinguiſhable from thoſe of the day, by 


the want of brilliancy of colour; and the difference 
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is equally marked berween ew of the N an 
of the _. 69 1 55 , 


binds which inhabir Septen FINITE views 
the light is conſtant and intenſe; poſſeſs mach deep- 
er and more brilliant colours, than ſuch as live to 
the north. Wild animals by domeſtication, always 
loſe their dull and obſcure colours, and become 
much brighter, and more beautiful, in conſequence 
of a more ſreqent expoſure to the light of the ſan; 
and it 1s remarked, that the colour of our domeſtic 
animals during winter, 1s leis bright, than in ſum- 
mer. Doctor Girtanner has obſerved, that animals 
which conceal themſelves for the the greateſt part 
of the year, in ſubterraneous dwellings, loſe their 
colour and become white; and that mice kept in a 
cage, in a dark room, have produced white mice. 


The influence of light on vegetation, is ſtill more 
remarkable; for, by depriving plants of it, they 
not only loſe their delicate ſhades, but ſicken and 
die, and when in green-houſes, the light is admit- 
ted to them from a particular part, they incline to- 
wards it, as if to ſhew how Mental this dae is, to 
their exiſtence. 


The importance of this ſubſtance, and its power 
of producing colour in plants, have been noticed 
by ſeveral authors. Without the influence of 


light, ſays Chaptal, vegetables weuld exhibit but 


14 * 
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one lifeleſs colour; ; they are deprived of their beau- 
tiful ſhades by the interception of this luminous 
fluid.”* Agreeable to this writer, and M. Four. 
croy,f vegetables are not only indebted to light, 
for their colour, but likewiſe for their ſmell, taſte, 
combuſtibility, maturity and the reſinous principle: 
And hence, that aromatic ſubſtances, reſins, vola- 
tile oils, and thoſe colouring matters, of ſo much 
value for their livelineſs and body, are peculiar to 
ſouthern climates, where the light is more pure, 
conſtant and intenſe. 


The immortal Lavoiſier entertained the ſame opi- 
nion of the importance of this fluid with reſpect to 
vegetative exiſtence and its power of imparting colour 
to vegetables. « Experiments upon vegetation, 
be obſerves, give reaſon to belieye, that light com- 
bines with certain parts of vegetables; and that the 
green of their leaves, and the various colours of 
their flowers, are chiefly owing to this combina- 
tion. This much is certain, that plants which 
grow in darkneſs, are perfectly white, languid and 
unhealthy, and that to make them recover vigour 
and to acquire their natural colours, the direct i in- 
fluence of light is W 7 En 12 
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+ Elements of Natural Hiſtory and of Chemiſtrr. 


Elements of Chemiſtry, 
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Mr. Davy, 5 has proved by experiment, that the 
colour of vegetables depends upon light, and that 
by depriving them of this fluid, they become white, 
though naturally of a deep colour. He found, 
that red roſe trees, when included IE light, be- 
fore their flowers began to appear, produced flow- 
ers almoſt white; and that flowers naturally white, 
if expoſed to a concentrated light, became highly 


coloured. 


Fruits are alſo indebted to light, for their beautiful 


colours, and I have often obſerved, that that part 
of them, which is moſt expoſed to the ſun, is al- 
ways of the deepeſt colour, 


Deprived of light, vegetables not only loſe their 
delicate ſhades, but alſo their noxious properties. 
Some poiſonous plants, by the abſtraction of light, 
loſe their deleterious qualities, and become agreea- 
ble to the taſte, and even harmleſs when taken into 
the ſtomach. It is in this way, that gardeners pre- 


pare many vegetables for our tables. The celery, 
endive 7 and other eſculent vegetables, by this treat- 
ment, loſe their green colour and active qualities, 
and become white and wholeſome articles of diet. 


In common with the inferior order of beings, 
man himſelf is indebted to light for his colour, as 
well as the moſt numerous of his pleaſures. 


8 Beddoes' Medical Contributions, 
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. Ins tropical climates, where the light is ſtronger 
| Ly and more conſtant, the inhabitants are obſerved to 
* be of a deeper colour, than thoſe who live to the 
b 2 north, under a much leſs powerful ſun. In Africa, 


the natives are black, while in the northern parts 
of Europe they are white, and between theſe two 
quarters of the globe, are to be found all the in- 
termediate gradations of colour. 


Our own ſeaſons afford us a ſtriking example 
of the colouring power of light. During the 
ſcorching heat of ſummer, when the light is very 
intenſe, our ſkins often become highly coloured or 
tanned, as we commonly expreſs it ; whereas in win- 
ter, when the ſun is not ſo powerful, we loſe the co- 
lour acquired in ſummer, and become much fairer. 


It is invariably found that ſuch parts of our bo- 
dies as are expoſed to light are coloured, while 
thoſe that are covered by our clothes, remain per- 
fectly white. Ladies, who are leſs expoſed to the 
ſun, are fairer than men; and men in confinement 


ſoon loſe their florid complexions, if they are de- 
prived of light. 


I have obſerved that many of thoſe gentlemen, 
who go to the Eaſt- Indies, though fair when they 
leave this country, acquire very brown complexions 
before they return; which circumſtance, can only 
be aſcribed to the greater concentration and reflec- 


tion of the light of the fun do the water, in 
that * n 


„e 
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In what manner colour is produced by the ope- 
ration of light, I ſhall not pretend to explain; 
it is a ſubject ſtill involved in very great obſcurity. 
Whether it is by abſtracting oxygen or any other 
principle from the body, is not aſcertained with 
| ſufficient certainty to warrant a concluſion. 
| The colour of rhe ſkin depends upon the colour 
of the rete mucoſum; which in the African is 
black, in the European white, while it is of an 
intermediate or copper colour in the American. 
Doctor Beddoes imagined that the black ſkin of 
the African, was produced by the abſtraction of 
oxygen from the rete mucoſum by light, and his 
experiments ſeem to favour this hypotheſis; for by 
| expoſing the fingers of a negro in the oxiginated 
X muriatic acid, which eaſily parts with its ſupera- 
; bundant oygen, they ſoon became white. Doc- 
, tor Girtanner afferts, that white animals and plants 
a are more irritable, than thoſe that are coloured; 
and irritability he proves to depend upon oxygen. 
By the abſtraction of light they loſe their colour, 
7 and Become much more irritable in conſequence 
of an 1 accumulation on ay Peitteiple“ 8 
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"This thedry of the operition of Kot explains 
li cafe und perſpicuity, the diverfity of colour 
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obſerved in different countries. The ſtronger the 
light and more conſtant its application, the greater 
will be the abſtraction of oxygen, and the deeper 
the colour produced. It is in this way, that the 
various colours of organized beings are accounted 
for; but the production of colour in inorganic ſub- 
ſtances, is not to be explained with the fame eaſe 
by this hypotheſis, for great changes take place 
in ſome ſubſtances expoſed to light, in which the 
preſence of oxygen has never been detected. 


Beſides the loſs of colour, which would inevitably 
follow the privation of light, our atmoſphere would 
be rendered uninhabitable, from the ſupply of pure 
air being cut off; in the production of which the 


operation of light is abſolutely neceſſary. 


SECTION II. 


— 2 


II. LIGHT IS A CONSTITUENT ELEMENT 
OF OXYGEN GAS. 


— 4. — 


ACCORDING to M. Lavoiſier and other cele- 
brated chemical philoſophers, pure air conſiſts of 
oxygen combined with caloric or the matter of heat. 
This doctrine has obtained very generally among 


chemiſts, and from it is drawn the preſent theory of 
reſpiration and combuſtion. 


However eaſily explicable the phenomena of 
thoſe proceſſes may appear to be, by this theory 
of oxygen gas, I ſhall attempt to prove that light 
is one of its principles; and that it is partly to the 
action of this etherial ſubſtance, that ſome of the 
phenomena of reſpiration ought to be attributed, 


That light enters into the compoſition of oxygen 
gas, I infer, from its analyſis and ſyntheſis. It is 
well known, that in every rapid decompoſition of 
pure air, light is liberated, and all our experiments 
to form acids and metallic oxyds, prove it to be 
one of the elements of pure air. By the combuſ- 
tion of carbone, hydrogene, and other fimple 
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ſubſtances in oxygen gas, a large quantity of the 
moſt brilliant light is liberated ; to account for 
which, we muſt either admit that it is a principle of 
this gas, which is diſengaged by its decompoſition, 
or adopt the opinion of Macquer, who ſuppoſed 
that the light was emitted from the burning body. 


This celebrated chemiſt attempted to unite the 
pneumatic theory with that of phlogiſton, and by 
a doQtrine drawn from the two, he certainly ex- 
plained the phenomena of combuſtion with great 
_ eaſe and perſpicuity ; but unfortunately for his 


theory, no experiments were adduced in ſupport 
of it. 


The light emitted by the ſun, Macquer regards 
as the matter of fire, and that by admitting it as 
fixed in bodies, it conſtitutes the phlogiſton of 
Stahl. According to his theory, in every combuf. 
tion, the oxygen gas diſengages the light or phlo- 
giſton from inflammable bodies, and occupies its 
place. | 


It is a ſufficient refutation of this theory, that 
no phenomena prove or require its exiſtence ; 
whereas, that of light being diſengaged from ox- 
ygen gas, not only ſolves the phenomena, but is 
directly drawn from a muititude of experiments. 


We have no evidence of the exiſtence of light 
in carbone, hydrogene or iron; yet by the com- 
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buſtion of theſe ſubſtances in pure air, to form 
carbonic acid, water and the calx of iron, a great 
quantity of vivid light is liberated. : 
The following experiment, made by Mr. Davy, 
eſtabliſhes, in the moſt poſitive and unequivocal 
manner, that light is contained in oxygen gas. 


« A ſmall gun lock, armed with an excellent 
flint, was ſnapped in a veſſel filled with oxygen gas. 
The particles of ſteel, ſeparated by colliſion, were 
the moſt brilliant that can be imagined ; and theſe 
particles, examined by a magnifier, were found to 
be converted into black oxyd of iron. The ſame 
experiment was made in a veſſel filled with carbo- 
nic acid gas; the iron was fuſed, but no light was 


liberated.”** 


This experiment not only proves that light enters 
into the compoſition of pure air, but eſtabliſhes its 
exiſtence independent of caloric. From light and 
heat being generally concomitant, many philo- 
ſophers} have ſuppoſed, that they are cauſe and 
effect; but the above experiment, in conjunction 
with another, made in an exhauſted receiver, in 


* Beddoes' Medical Contributions, 


+ © We are unable to determine, whether light be a modification of 
caloric, or caloric be, on the contrary, a modification of light.” 
Lawoifier's Elements of Chemiſtry, 
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which no light appeared, yet the metal was fuſed, 
proves that light is not a modification of heat ; and 
goes a great way, in my opinion, to eſtabliſh the 
non-exiſtence of caloric, or the matter of heat. 


From many experiments made by Mr. Davy, 
and thoſe of Count Rumford,* on friction, I am 
diſpoſed to doubt the materiality of heat. An opi- 
nion, however, the reverſe of this is advocated by 


ſome of the firſt philoſophers in Europe. 


The moſt powerful arguments have been adduced 
on both ſides of the queſtion ; but it appears to 
me that the force of reaſoning and certainly the 


weight of experiment, are againſt the exiſtence of 
caloric. 


This controverſy between men of ſuch diſtin- 
guiſhed talents, affords a true, though melancholy 
proof of the imbecility of the human mind and of 
the imperfect ſtate of ſcience. When ſuch men as 
Black, Crawford, Lavoiſier and Rumford diſpute, 


who can decide? It would be preſumption in me to 
advance an opinion. 


The materiality of heat is certainly queſtionable ; 
and when probability is ſhaken, reaſon ſtrongly in- 
clines to ſcepticiſm. 


_ * Eflays Political, Economica] aud Philoſophical, Vol, II. 
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Though I entertain doubts on this ſubject, I by 
no means deny, that heat is matter, and that it acts 
a very important part in the ceconomy of the uni- 
verſe ; on the contrary, I ſhall conſider it, as one 
of the elements of pure air. 


By the experiments of M. Berthollet, light ap- 
pears to have great affinity with oxygen, and con- 
tributes with caloric to change it into the ſtate or 


gas. 


This theory of the conſtitution of pure air, qua- 

drates beſt with moſt of our experiments, and by 

it, the phenomena of combuſtion and reſpiration 
admit of a more eaſy and ſatisfactory explanation. 


The exiſtence of light in pure air, is alſo de- 
monſtrated by ſynthetical experiments. The at- 
traction of light for oxygen is ſo powerful, that 
few bodies which contain the latter principle in a 
looſe ſtate of combination, can hold it when ex- 


poſed to light. 


lt is proved by the experiments of Doctors 
Prieſtley, Injenhouz and Mr. Davy, that vegeta- 
bles, when expoſed to ſolar light, decompoſe water 
- 3 and carbonic acid. The hydrogene of the water 
N- and carbone of the acid, are attracted by the ve- 
getable, while oxygen 1s diſengaged in the form 
of gas, by combining wich light. 
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It is by virtue of theſe afſinities, that the pure 
air of our atmoſphere is continually renewed. 
Man and other animals, live only by the aſſiſtance 

of the vital air which they breathe; whereas / vege- 

tables imbibe and are nouriſhed by: the air which 
animals vitiate in their reſpiration, and in return 
diſcharge torrents of vital air. 
| | A.M vd ba did. 
Thus we ſee by what ſimple and ceconomical 
means, the numerous beings. on the globe are 
ſupported. The two great claſſes of organized 
bodies depend for their exiſtence on the labours 
of each other, and they are both dependant on 
light. 


This is not the only way by which we prove the 
- recompoſition of oxygen gas. Many inorganic ſub- 
ſtances, which contain oxygen, give it out, when 
in conta& with light. A bottle of oxiginated 
muriatic acid -expoſed to the fun, parts with its 
ſuperabundant oxygen; but if in! the ſame expo- 
ſure, the bottle is covered with any thing that will 
intercept light, the acid ſuffers no change; and 
when heated in a dark place, Chaptal obſerves, is 
even reducible into gas without decompoſition. 
The nitric acid alſo, when expoſed to the ſun, af- 
_fords oxygen gas; whereas heat alone volatilizes it, 
1 üer rode vneqmo? 21 lo ali 
bY 94740 
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The muriate of fler and red oxyd of mereury, 
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part with their oxygen in the form of oxygen gas, 
when expoſed to the light of the ſun. 


M. Lavoiſier obſerves, when ſpeaking of the 
reduction of red precipitate in a porcelain retort, 
« As the oxygen gas never appears till the retort 
becomes red, it ſeems to prove the principle eſta- 
bliſhed by M. Berthollet, that an obſcure heat can 
never form oxygen gas, and that light 1s one of its 
conftituent elements.” 


What a wonderful coincidence of facts, to prove 
that light is a component part of pure air! 


The very author, who makes pure air to be a 
combination of oxygen and caloric, has in his 
definition of combuſtion, acknowledged light to be 
one of the principles of this air, 


According to Lavoiſier, © Combuſtion is the de- 
compoſition of oxygen gas, produced by a com- 
buſtible body. The oxygen which forms the baſe 
of this gas, is abſorbed by, and enters into comhi- 
nation with, the burning body, while hear and 
light are diſengaged.” 


It will be unneceſſary for me to multiply in- 
ſtances of the compoſition and decompoſition of 


oxygen gas, to prove that light is one of its conſti. 
tuent elements. 
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SECTION II. 


III. TE vERMILLION COLOUR OF BLOOD DEREN DS, IN 
PART, UPON THE OPERATION OF LIGHT. 


HAVING demonſtrated, I hope, in the preced- 
ing parts of this inquiry, that light is a conſtituent 
principle of oxygen gas, and that moſt colours de- 
pend upon combined light; I will go on to prove 
by experiment, the operation of this ſubtile fluid 
on blood, eſpecially in contributing to produce its 
florid colour; from which circumſtance, and from 
the action of light on other bodies, I ſhall infer its 
influence in reſpiration. 


According to the moſt popular theory of reſpi- 
ration, vital air is decompoſed in the lungs; the 
oxygen by combining with the blood occaſions its 
vermillion colour, while the caloric is ſet at liberty 


and produces animal heat. 


If, agreeable to this doctrine, oxygen gas is de- 
compoſed in the lungs, light muſt be liberated, as 
well as caloric, as we have made it appear that 
light is a component part of this gas. It is there - 
fore, more eſpecially our object, in this place, to 
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eſtabliſh by experiments on blood and by deduc- 
tions from analogy, the effects of this principle in 
reſpiration. Light from its extreme tenuity, is ca- 
pable of paſſing unaltered through the pores of 
diaphanous bodies; I procured, therefore, very 
tranſparent phials to experiment with, and when J 
wiſhed to aſcertain the effects of light alone, every 


precaution was uſed to prevent the co-operation of 
other agents. 


EXPERIMENT 1. 


A vein of the arm was opened, and two phials, 
holding each two ounces, were filled with blood. 
Great pains were taken to prevent the contact of 
air, by applying the phials as near to the vein as 
poſſible, and by corking them as ſoon as they were 
filled. One of theſe phials was immediately ex- 

poſed to the ſun, which was ſhining very bright. 
The other was put away in a dark cloſet. After 
remaining in this ſituation for two hours, they 
were examined, and the following appearances were 
exhibited. The blood in the phial expoſed to ſolar 
light, had loſt its dark venous colour and was turn- 
ed red, but the colour was not half as bright as 
when in contact with atmoſpheric air. That part 
of the blood which was ſhaded, in ſome degree, by 
reſting againſt the window, was not as bright as 
that which looked directly to the ſun, n it 
vas altered conſiderably in colour. 
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The phial in the dark cloſet ſuffered no change. 


As the blood was placed in the ſun, I entertained 
doubts, whether or not heat might have contri- 
buted to the change. To aſcertain this point, 
therefore, the following experiment was made. 


EXPERIMENT 2. 


A vein being opened, the ſtream of blood was 
directed into a two ounce phial, which was held as 
cloſe to the arm as poſſible, to avoid the contact 
of air. In this way three phials were filled and 
after being well corked, they were diſpoſed of in 
the following manner : | 


One was placed in the ſun, ſhining very bright, 
about 11 o'clock, A. M. another, after being co- 
vered with black, was likewiſe. expoſed to the ſun; 
but the third was put away in the dark cloſet. 


In two hours they were examined. The blood 
in the firſt phial was turned red, as in the preced- 
ing experiment; in the ſecond, which was expoſed 
as the firſt, but covered with black, the blood ſuf- 
tered no perceptible Fog which was alſo the 
caſe with the third. 


This experiment ſatisfied me that light and not 
heat, was the agent which produced the change, 
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for upon examining the two phials placed in the 
ſun, I found that the one covered with black, was 
conſiderably warmer than the other, yet no altera- 
tion took place in the colour of the blood it con- 
tained; *whereas the blood in the other, which was 
not ſo much heated, and from which light had not 
been excluded, ſoon acquired a red colour, 


1 can aſcribe, therefore, the want of colour in 
the ſecond phial, to nothing elſe but the intercep- 
tion of light by its black covering. 


Though this experiment removed my doubts as 
to the cauſe of the change, yet as my friend and 
fellow-graduate, Mr. Robert Berkeley, who wit- 
neſſed the making of theſe experiments, ſtill be- 
lieved in the co-operation of heat, I made the two 
following experiments, which prove molt decided- 
ly, the influence of light excluſive of heat, in co- 


louring of blood. 


EXPERIMENT 3. 


Two phials, holding each two ounces, were filled 
with venous blood, and after being well corked, 
one of them was immerſed in ſnow on the outſide 
of a window, on which the ſun ſhone very bright. 
About one third of the phial from top to bottom, 
was expoſed to ſolar light, by ſcraping off a part of 
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the ſnow; while the reſt of it, was completely im- 
merſed and excluded from e | 


The hee phial was lackd as l, in the cloſet, 

Upon inspektion two hours . l that 
part of the blood on which the light had fallen, 
was turned red, while the part oppoſite to this and 
ſecluded from light, though altered in colour, was 
not near as bright as that which looked immediate- 
ly to the ſun. | 


The blood: in the cloſet ſuffered no alteration, 


Here the co-operation of heat could not be ſuſpect. 
ed, for it is well known, that all bodies in paſſing 
from the ſolid to the fluid ſtate, as was the caſe 
with the ſnow, abſorb heat; therefore, the blood 
in this experiment, inſtead of acquiring, muſt have 
loſt its own heat, very ſoon after immerſi on. 


EXPERIMENT 4. 


A vein of the arm was opened, and two phial: 


were filled with blood from 1 it, the uſual Fans. 
_ nden 1 | 


One covered with black, was placed before a fire, 
the warmth of which was as muck as I could en- 
dure. The other was expoſed to the ſun, which 
ſhone with great ſplendour, 
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The blood before the fire was examined fre- 
quently for two hours and better, but no change in 
colour was obſerved to take place; whereas, that 
expoſed to the light of the ſun became altered in 
a very ſhort time, and at the expiration of two 
hours, it was as red as in the preceding experi- 
ments. 


The influence of light, excluſive of heat or air, 
in colouring of blood, is unequivocally demon- 
ſtrated by theſe experiments, which have been re- 
peated with preciſely the fame reſults, 


The blood turned red by light, if expoſed in 
darkneſs foon loſt its colour and became very black, 
and was not to be coloured again by re-expoſure to 
light, however intenſe. 


I alſo remarked, that the blood which had re- 
mained in the dark cloſet for three or four hours, 
was with difficulty robbed of its black colour, and 
never contracted fo bright a red as freſh blood, 
though the moſt concentrated light was applied. 

What this could have been owing to, I know not ; 
but think it probable, that during its cooling, the 
blood may have parted with ſome principle, or un- 
dergone ſome peculiar change, which indiſpoſed it 
to receive a red colour, from the action of light 
alone, We know that from blood juſt drawn à 
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. conſiderable halitus ariſes, and after becoming. cold, 
1 haye found its colour with dice changed, exen 
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* n what would be the effect of expoſing 
blood in the ſame atmoſphere, but to different de- 
grees of light, I made the following experiment. 
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EXPERIMENT 5. 7. 


Two ſmall china bowls were nearly filled with 
. venous blood and the room was darkened by bring- 
ing too che window ſhutters. Through an aperture 
in the ſhutters, a ſmall quantity of very brilliant 
ſolar light was admitted, which fell upon and com- 
- pletely covered the ſurface of the blood in one of 
the bowls. The other bowl was placed by the ſide 
of this, but no light from the aperture was allowed 
to fall upon it. 55 


In this ſituation they continued for two hours, 

when upon examining them, it was found, that the 

blood on which the light had fallen, was turned of 

.-a. moſt brilliant vermillion colour; while that in 
the bowl which was expoſed in the ſame atmoſ- 
Phere, but: — light, had eee a colour 
much leſs florid. 121K KID 
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% This experiment anal Jn 

power of light in augmenting the vermillion colour 
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: of blood, and taken in conjunction with the other 
experiments and obſervations contained in this in- 


quiry, goes a great way, in my opinion, to eſtabliſh 
the influence of this etherial ſubſtance in reſpiration. 


Let us apply thoſe facts to explain ſome of the phe- 


nomena a of this important function. 


Reſpiration is conſidered, by phyſiologiſts, as an 
operation, by means of which oxygen gas is conti- 
nually paſſing from the gaſeous to the concrete ſtate; 


it muſt therefore at each inſtant abandon the caloric 


(and light too) which held it in ſolution and in the 
ſtate of gas. 


According to this theory, oxygen gas is decom- 
poſed in the lungs; its baſe combines with, and 
gives a florid colour to the blood, while its caloric 
is ſet at liberty and produces animal heat. I believe 
in the decompoſition of pure air in reſpiration, but 
cannot agree that all the phenomena of this function 


are produced by oxygen and caloric; nor will the 


reader find any difficulty in admitting of the co- ope- 


ration of light, if he will compare the preceding 
obſervations and experiments, with this doctrine, 


which is univerſally received. Combuſtion and re- 
ſpiration are ſaid to be two complex chemical pro- 
ceſſes, whoſe phenomena are the ſame or very ſimilar. 
Now the liberation of light is admitted in combuſ- 


tion, by the advocates of the preſent theory, yet 
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they ſay nothing of its diſengagement in reſpiration. 
If oxygen gas is decompoſed in theſe two proceſſes, 
certainly the principles of this gas muſt be liberated 
in both. In combuſtion, which is a more rapid 
decompoſition of pure air, the diſengagement of 
light is very evident to our ſenſes; whereas in reſpi- 
ration it is impoſſible to have any ſuch evidence, 
not only in conſequence of the concealed ſituation 
of this proceſs, but of the ſſower and more gradual 
decompoſition of pure air in the lungs. 


We can therefore judge only of the liberation 
and effects of light in reſpiration, by the nature of 
the air expired and by experiments on blood out of 


the body. 


By the reſearches of the illuſtrious Prieſtley and 
Lavoiſier, the compoſition of our atmoſphere and 
the nature of the airs expired, have been fully de- 
veloped. The air we reſpire is found to conſiſt of 
azotic and pure air, in the proportion of 72 parts 
of the former to 28 of the latter, which undergoes 
very remarkable changes in the lungs. 


Doctor Goodwin found, by experiments on him- 
ſelf, that the diminution of pure-air and the increaſe 
of fixed air,“ was conſiderable, in a ſingle reſpi- 
ration; while. the azotic air ſuffered neither increaſe 
nor diminution. Now if agreeable to the doctrine 


* The air he breathed contained 2 parts in 100 of fixed air, 
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of Goodwin and Girtanner, the increaſe 'of fixed 


air, is owing to'the oxygen of the decompoſed pure 
air, uniting with the carbone of the blood, it muſt 


of neceſſity follow that light is liberated, for we have 
proved by experiment,* that light does not enterinto 
the compoſition of carbonic acid ; nor have we any 


evidence of its being contained in azotic gas or in 
water, which is the other product of reſpiration, 


A late ingenious writer, Mr. Davy, denies the 
decompoſition of vital air in reſpiration, and aflerts 
that the hberated carbonic acid and water are con- 
ſtituent principles of venous blood, which are diſ- 
placed by the vital air; for which the venous blood 
has a greater elective attraction, than for its con- 
ſtituent elements, water and carbonic acid. 


Mr. Davy denies the exiftence of caloric altoge- 
ther, and makes oxygen gas to conſiſt of light and 
oxygen, to which he has given the name of phoſ- 
oxygen. 


As the reader may not have ſeen this gentleman's 
paper, I will give a ſhort view of his theory. 


KReſpiration, he obſerves, is a chemical proceſs, 
the combination of phoſoxygen, with the venous 
blood in the lungs, and the liberation of carbonic 
acid and aqueous gas from it. From the combina- 
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tion and decompoſition ariſes an inereaſe of repul- 
ſive motion, which, combined with that produced 
by the other chemical proceſſes taking place in the 
ſyſtem, and that generated by the reciprocal action 
of the ſolids and fluids, is the cauſe of animal heat; 
a heat which the other ſyſtems have ſuppoſed to 
ariſe chiefly from the RAD of DYNO gas, 
oxygen and caloric.““ 


Mr. Davy ſuppoſes, that the florid colour of blood 
is produced by phoſoxygen combining with it, in its 
entire ſtate, and urges the following objections to the 
decompoſition of pure air 1n reſpiration. 


Carbone, hydrogene and iron, he ſays, never 
decompoſe oxygen gas at ſo low a temperature as 989 
and that it is never decompoſed by thoſe ſubſtances, 
without combuſtion, flame and great heat. 95 


This is aſſuming more, I apprehend, than daily 
obſervation and experience authorize, for we know 
that the combinations of oxygen are decompoſed by 
many ſubſtances in a temperature much lower than 
that of the human body. Several of the metals are 
calcined by expoſing them in a maiſt atmoſphere, 

without any perceptible liberation of-light or heat. 
In fermentation and putrefaction, large quantities 
of carbonic acid are formed and  extricated in a 
temperature much inferior to that of the lungs and 
uithout combuſtion or flame, His objections, there- 


* Beddoes' Medical Contributions, 
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fore, to the decompoſition of oxygen gas, in reſ 
piration are not founded. But admitting for a mo- 
ment, that oxygen gas cannot be decompoſed in ſo 
low a heat as 98, in our laboratories, are we from 
thence to infer, that the lungs have not the power 
of decompoſing it? Do not vegetables decompoſe 
water and carbonic acid, with the utmoſt facility, 
in the ordinary temperature of our atmoſphere? 
Have we any experiments that prove the principles 
of water and carbonic acid to be in a weaker ſtate of 
combination, than thoſe of oxygen gas ? Since then 
vegetables can decompoſe ſome of the ſtrongeſt com- 
binations of oxygen, why deny a ſimilar faculty to 
2 more perfect order of organized beings? Is it wiſe 
in us to eſtimate the powers of the animal œcono- 
my, by thoſe of an imperfe& art? Certainly not; 
for the more we inveſtigate the ſtructure and ope- 
rations of animated beings, the more are we ſtruck 
with the faculties they poſſeſs, and convinced of 
the wiſdom of their Creator ! 


I have no doubt of the decompoſition of oxygen 
gas in reſpiration, but cannot aſcribe all the pheno- 
mena of this important function to the excluſive 
action of oxygen and caloric, as moſt chemical phi- 
loſophers have done. 7 


I conclude, therefore, and think wy concluſion 
is warranted by the preceding obſervations and expe- 
riments, that light is a conſtituent element of oxygen 
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tion of this ſubſtance in reſpiration, that ſome of 
its phenomena ought, in part, to be attributed, more 
eſpecially the vermillion colour of pulmonary blood. 


There is no knowing what diſcoveries may be 
made in this important ſubje&, by a more extenſive 
chemiſtry. By the reſearches of Prieſtley, Lavoiſier 
and other celebrated chemiſts, many of the elements 
are already known to us, and it is to be hoped that 
by a continuance of their labours, the nature of 
thoſe ſubtile fluids will be diſcovered, which at pre- 
ſent elude the perception of our ſenſes and are only 
known to us by their direful effects. 


May not the ele&roid fluid be produced in this way? Is electricity 


any thing more than © light in a condenſed ſtate ?” 
* I, 


— 


* 


wy 


2 . 


o hk Wr 
119M3QBL 


1} noh: 


* 


— 


